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BIF x1 HRBAEEH LA F04%E (Robert et al., 2007)
1986 Table 1 Types and reserves of 103 world class gold de-
posits (>10 M 0z)
1991~1996 10 10° 0z
, 2000~2012 (x10° 0z)
, 20 425
14 285
,H O C s , CO, 6 140
(RIR) 12 434
4 75
3 8 359
1 ERE s R
(OIR) 39 1104
Robert et al. (2007) 27 739
) HS-1S 9 253
LS 3 112
32 1729
Witwatersrand
L L LS 7 91
( ) 10 245
' 2 20
(B I F) ( Witwatersrand 8 1260
1 2) 1 5 113
25 km 103 3692
. LS. ; HS. ;1S ;1 oz=
31.103 g
6~20 km 2 W IE S WM SR RFAE
1 l
10><10° oz 12 103 2.1
20
12 39 (Colvine et al., 1988; Groves et al., 1998; McCuaig
(LS) 7 10 and Kerrich, 1998; , 2006),
2, Witwatersrand 8 ( 34
10 ( 3a) Grovesetal.(1998) ,
2
(Muruntau) 2014 26=<10°0z ( ) ,
: - - ( 39
Grasberg Cu-Au 1.131>10° 0z , 25 km ( 3 )
Pueblo Viejo , 1.108><10° , Au-Sb  (Epizonal),
0z 2013 10.784>10° Au-As-Te (Mesozonal) Au-As
0oz , 2014 10.663><10° 0z (Hypozonal)
: Brucejack '
14.1 git, 16500 t, , , BIF
Yaramoko , 11.8 gft, Groves et al. (1998)
1996 t; Hope Bay , 7.7 ght, : / /
14196 t; , 7.7 (compressional / transpressional environments)
ght, 3005 t; Charter Towers , (extensional environ-

7 git, 2500 t

ments) Cu-Au
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1 (Robert et al., 2007)
Fig.1 Schematic cross settings of major gold deposit types and their crustal depths of emplacement
)
2.2
Superior
, Abitibi, Wawa, Pontiac Abitibi ,
(BIF) '
2 (Robert et al., 2007) Superior
Fig.2 Classification of orogenic gold deposits P
Yilgarn
Au-Cu-Pb-Zn Cu-Mo-Au ,
( 3b ) 3013+10 Ma, ,
(Bierlein et al., 2006) , 2700~2750 Ma
( 4), Superior ,
( )
/ ( ( 5 Red Lake , 6) Abitibi
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, ( 25 , 30% , 25%
) 40% - , 5200t( 5)
®2 #RA+XEFERSHET
Table 2 Top ten gold production mines in the world
(x10° 0z)
2014 2013
Muruntau Navoi 2600 2521
Grasberg Freeport-McMoRan 1131 1142
Pueblo Viejo Barrick Gold 1108 813
Yanacocha Newmont 970 1016
Carlin Trend Newmont 907 1025
Cortez Barrick Gold 902 1338
Goldstrike Barrick Gold 902 892
Olimpiada Polyus Gold 725 691
Veladero Barrick Gold 722 641
Boddington Newmont 696 705
10663 10784

Www.mining.com

(@

3

)i (b)

(Groves, 1993; Groves et al., 1998)
Fig.3 Tectonic relationship of different type of gold deposits
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- %, I, -

100~200 km
W Ens b is &
60~100 km L] R EXE
B #=
4 (Bierlein et al., 2006)
Fig.4 Relationship between orogenic gold deposits and mantle plume
5 Abitibi (Dube and Gosselin, 2007)

Fig.5 Simplified geological map of Canadian Abitibi geologic province and distribution of greenstone gold deposits

Superior ( 1 cm, i1m
) :
, Pocupin-Destor(PDF) Larder
Lake-Cadillic(LLCF) ,
(shear zones)
(deformation zones) , , Au/Ag=10/1,
( 100 km), Au  Fe K, B, W, Sh, Mo, Te, As,Ca Ba
Superior ,
«( - ) :
(Lode or mesothermal gold deposits) (Goldfarb et al.,
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2001) , (sub-vertical
and subhorizontal veins), ( 8,
, , Superior
Sigma
( ) Meadowbank ( (Robert and Brown, 1986): (1)
BIF ) Sigma ( ) ; () ; (3)
2.2.1 Sigma ' )
Sigma Val ; (4 ; (5)
dor Abitibi , Kirkland ; (6)
Lake-Cadillac , Sigma ,
, (7 , 2 m,
3 km?, 2 km 1937 1000 m
, 1986 Au 110 t (Robert and Brown, 1986) (7
Val d’Or Malartic \ , , 70°,
, , 55° 500 m
, Bourlamaque , , 4m ,
K-Ar 2700 Ma Malartic ; ,
Kenoran Sigma
) 400 m, 2 km
, , 80° c ()
Maiartic , Bourlamaque ; ;
- , Sigma ,
2705 Ma “ " 8A) (2) ; )
, . : 10° : “
"( 8B, C); (3) :

[ kAsn s
KERBENE
SR
B3 mzw

W #EE(1.Campbell; 2.A.W.White;
3. Madsen; 4 Cochenour-hite)

A N I JE T R R

6 Red Lake

(Colvine et al., 1988)

Fig.6 Distribution of metamorphic facies, shear zones and gold deposits in Red Lake
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- (Robert and Brown, 1986) -
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Robert and Brown (1986) :
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Fig.7 Geological map of the Sigma gold mine
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(A) ;1 (B) (9] : ; (D) ; (E) Sigma
(Dube and Gosselin, 2007); (F) (  Robert and Brown, 1986 )
8 Sigma ( 1990 )

Fig.8 Various types of gold bearing quartz veins in the Sigma mine

2.2.2



252 At s Bef %425

( , 2005, (Colvine et al., 1988) (
2006, 2012) )
2.2.3 Meadowbank
BIF(Banded-Iron-Formation) ;

, Meadowbank ( ), 1~2 km,
Lamego Blue dot Musselwhite ,
(Castonguay et al., 2016) BIF , ,
(
) ( BIF )
( ) 3 SN IR A

( 10a), BIF
( 10b) '

, , ( , 19993, 1999b)

613 m

500

400

300
0 100 m
—_

[ 3557220 9 =] o (218 (0] o (oo 58
9

( , 2012)
Fig.9 Geological section of the turbidite hosted Huaqgiao gold mine
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10 BIF Meadowbank (@) N6100 (b)(Castonguay et al., 2016)
Fig.10 Geologic map of the BIF hosted Meadowband gold deposit
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100 MPa 250 C, 700 C
, 600 MPa Groves et al. (1998)

, 3~20 km
, ( 11) 100~250 MPa, 300~350 C
) (
- , 1995)
, 200~400 C
) ) 3.1
(Guha et al., 1990, 1991)
, CO, K S ,
(@), (b), (c) ( , a ¢ , c co,
: )i (d), (&), (F) d ( )
C ) d f , f
11

Fig.11 Primary fluid inclusions in quartz ven and alteration of orogenic gold deposits
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4 H,0-CO,
, CO,-H,0-CH, CO,
NE SE 200~380 4%~19% NaCleg,
, 300~800 m, CO, CH; Ny , 1999b)
Abitibi Sigma Norbeau
Hemlo Macassa ,
( 3 4 :
- ( , H,0-CO, CO,; (aqueous) NaCl
1999a) 4
, H,0-CO, CO,
H,0-CO, CO, .
( , 1999a) NaCl ., CO,
( 12
£3 —UELEET RS R E
Table 3 Fluid inclusion data of select orogenic gold deposits
/ () (%NaClegy) Cco;, (glem®)
Sigma/ I, 10 1L 1V 285~395 <10 15~30 Olivo et al., 2006
228~440 <10 15~20, CH4 1995
Norbeau/ I, 1V, 11 250~350 7~10 , 1995
Rede Lake/ v 190~360 4 70~80 Chi et al., 2006, 2009
Jiaodong I, IV 250~350 6~13 Qiu et al., 2002
Donlin, Alaska/ 1, IV 250~350 20~30 Roedder, 1984
La Ronge Domain 1, 1V 175~300 1.64~10.6 0.72~0.93 Hrdy et al., 1990
I 1,1V 100~390 <10 Guo, 2003
McPhees/ I, 11, IV 143~350 Baker and Seccombe, 2004
Mesoarchean \Y4 200~340 1~14 Roedder, 1984
Sand King I, 0 LIV 280~340 CO, CH, Kontak and Kyser, 2011
Ipitinga Brazil [\ 350~475 CO; N,0.89~1.07 Klein and Fuzikawa, 2010
Joe Main/ , Qc I, 10, 1L 1V 290~315 8~9
Lac Fouture/ 1,1 1L TV 301~362 7~10 Gao, 1995
Macassa/ 1,10, 1LV 315~349 8~11
Francoeur/ , Qc I, 11, 11, 1V 298~319 7~10
Rio Itapicuru, Brazil I, IV COy, CH; N, Robert et al., 2007
Haigou Vv, | 1.4~9.1 0.69~0.80 Gao et al., 2015
Mclntyre-Holinger/ 1V, | 220~385 0.46~0.78 , 1991
Holinger/ 1V, 1 225~355 1~-4 0.65 , 1991
O’Brien/ A\ 210~380 , 1991
Yilgarn / I, 1V 200~390 <2 20~30 Ho et al., 1990
1V, 1 200~380 4~9 CO,; CHy , 1999b
/ I, 1V 190~310 <5 Keita, 2007; , 2012
/ I, 1V 201~315 <5 CO, CHy
| 1L 1L NaCl IV CO, Hy0-CO,
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(a) CO, H,0-CO,
; () CO, NaCl

H,0-CO;, CO,
H,0-CO;

Fig.12 Types and distribution of fluid inclusions in orogenic gold deposits

, 10% NaClg,

200~400 , CO, :
CH,, >100~400 MPa
; CO,

CO,-NaCl ,
CO, NaCI-H,0 ,
(Guha et al., 1990, 1991)

H,0-CO, CO;

NaCl 190~315

Hzo'COZ CO 2 Tmy cO2 _56"‘ - 61
CO,

CO; )
CO,, CHs Np( 13)
H,0- ,
CO;, )

CO; :

. H,0-CO,
CO; ( 3 4,
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Hodgson (1989)
; CO,

( , 1991; , 1995; McCuaig
and Kerrich, 1998) Groves et al. (1998)
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| | | |
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10000 —
A%

8000
ZE' 6000
3 4000 |~

2000~ (b)

| | | |
1000 2000 3000 4000
Raman shift(cm™)
13 CO,
( , 2006)

Fig.13 Raman spectra of CO, and aqueous inclusions
of a turbidite hosted gold deposit

R4 EHWHERPHEEREKEEE(Ridley and Diamond, 2000)
Table 4 Distribution of fluid inclusion types in gold deposits

(%)

(H,0-COy) 43 457
(H20-C0O2)+CO; 22 23.4
(H20-CO2)+CO,+I 11 11.7
(H20-COy)+aq 10 10.6
(H,0-COy)+ag+IlI 1 1.1
| 4 4.3

CO, 3 3.2

94 100

Ho et al. (1990)

Yilgarn Block
CO, H,0-CO, : 10%,
200~400 ( 250~350 )
CH41
C02 NaCI'Hzo'C02
14 Cu-Au
3.2
(Ridley and Diamond, 2000; , 2007; Klein
and Fuzikawa, 2010 15 16) Klein and
Fuzikawa(2010) Cachoeira
O H C S )
%04y 6 (SMOW)  6.2%0~12.4%0  5.9%0~11.0%o

5.0%0~9.0%0, 8Dy o (PDB) —22%0, 3°C  —9.5~
—12.7%o0, 8**S(CDT)  0.7%0~5.5%0, T=272~383 C
OHC S

Cc S

(2007) 0

CO; 100% CO;

14 Cu-Au
(Ridley and Diamond, 2000)

Fig.14 Ore forming fluid compositions of orogenic, porp-
hyry and epithermal gold deposits
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40k (Robert et al., 2007) 15
[ &mwxmes H o
o] maer
Yilgarn 8180 2%0~
Clewzes g\o KA R ' H20
O T hame /T 14%o
........... TR
q
— v
2 40} H, FARE 4 CO, mfkFfnam 1k
= e 1= LB )
a = sa@ T R
i S o e CO, (Naden and
4 -
80k ik %ég : :
80 [ amas o Shepherd, 1989; Phillips and Evans, 2004; ,
AN 23 7 2008; Kokh et al., 2017) ,
RE&H B K
120 fmmm - -7
| ! ! ! ! ! H,0-CO, CO, ( 11 12 13
-10 0 10 20
50 (%0) 17) (
15 H O (Ridley and Diamond, ) ( 18), Au
2000) CO;
Fig.15 H and O isotopes of ore-forming fluids of orogenic Cco,
gold deposits
24 Kokh et al. (2017) , Fe
Cu Zn Au Mo Pt Sn
20 CO, 350~450 C, 60~75 MPa
, Fe
16 , CO, 0 50%
_ ,Si Au Mo Pt Cu ,
3\2 . ; Fe Zn Sn CO,
1
o CO,-H,0-S- , ,
8 L
CO; 0 70% , CulFe 2
CO, :
4 0
, (FeCly")
oL 8 Oncl%0) (Cucl,) co,
I I I I I I ) S (>5%), Au
600 500 4;‘8%'10@(@) 300 250 200 AU(HS)>  Au(HS)S*
16 o] ( CO, :
(400 C, 2006 , CO,
Beaudoin et al., 2011) CO,
Fig.16 Relation between oxygen isotope and temperature 2007 3
§*80420=8.0%0~10.1%o, ’ 12d  H,0-CO,
L L (
Loulo » 2010)
O C , CO,- 1 (D)
N,-CH;  H,O-NaCl , 270~340 C, H,0-CO,
140~180 MPa, 3"°0py0  8.8%0~10.7%o, 5'°C CO; NaCl

—14.4%0~—4.5%o,
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(C) : ) CO, i (0) CO, ( ) ; () COz
( )  (d) CO2

17 CO, (Robert and Kelly, 1987)
Fig.17 Relationship between natural gold and CO,-rich inclusions

0.3
+ = EA
+ ® 5F
+
+ + 021
o
+ =
+ = .
+ O e ®
+ 0.1+ 0 ©®
+ e®
+ . =I ° HOLLINGER-McINTYRE
+ 0oL =™ ' ' '
+ 0.00 0.05 0.10 0.15 0.20
Car. BRBREL4L: mv. B BHL: P T L Xeo,
18 ( 19 Hollinger-Mcintyre CO,
) (Guha et al., 1990, 1991)
Fig.18 General alteration pattern of the orogenic gold Fig.19 Relationship between CO, in fluid inclusions and
deposits gold mineralization
) CoO, , Au H,0 CO,
, , , CH; H,S N, ( 17
(2)CO, , 18) (4) H,S H,CO; ,Au  CO,
CO, , Au AuHS™
; CO; , AuH,S, CO,
CO, CO, , Au (

( 11 17) (3) 17 19 20 21)
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2008 CO, H,0  Au
...... Coz !
19 Hollinger-Melntyre
CO, ( ,
250 2008) CO,/H,0O Xco,( CO,
) 19 :
CO,/H,0 0.05 Xco, 0.04
............. CO,
< 300F
""" CO, H,S Au (Naden and Shepherd,
1989; Phillips and Evans, 2004),
350~ ) CO;,
...... . , Fe S
: ., K Na
“‘\‘ , S
400 L
4 6 8 CO, :
pH Co, Au , Au
Xco, =0.10  CO; CO,, HS Au ,
pH CO, ( AuHS AuHS, , CO,
N H,COs( ) co;, Al
, CO; ,
20 CO, T-pH  (Phillips and Evans, , pH
2004)
Fig.20 T-pH diagram of CO, poor and rich fluids pH
pH , Au H,S( HS)
Au )
500 —— HS Au H,S CO,
----- Co,
Au(s)+H,S(agq)+HS (aq)=AuHS, +¥%H,(aq),
, aq
5 300r :
= Ki=[Au(HS) o(H2)]**/([HS][HS 1), Au
H,S HS™ ,
H,S=HS =1
100 HZS=HS+H++ )
Ki[HS]=[H"][HS J/[H.S]
[H2S]=[HS ]
; . : L Ki[H2S]=[H']
pH K1H,S=pH
21 CO, H,S T-pH (Phillips and Evans, 2004) H2COs,
Fig.21 T-pH diagram of H,S and CO, fluids

H2C03:HCO37+H+,
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H , Au(HS,)
H,S HS , Au(HS,) ,
pH
Phillips and Evans (2004)
(Hch) K-Fe-Mg-Ca-Al-Si-C-H-Au-S-0 (1)
, ( P=200 MPa )
pH-T K-pH Au-T K-Fe-Mg-
Ca-Al-Si-C-H-Au-S-0 Au
( 18) Au
CO, H,O H,S , Au
200 °C 20 pH -
T H,S CO, , H,S  CO,
pH T
CO, , H,CO3=HCO; +H",
H,S , T-pH H,S
H,CO3 , -
Au H,S
HCO;™ ( 20 21), CO, 2)
) pH : CO;
, HS CO, ,
S , 20 mmol/L,
0.01 mmol/L Au , ©)
H,S pH CO, ,
CO, Au H,S H
H,S ,
pH, AuH,S \ (4)
( )
S Fe CO,
, CO, Au ’
pH
, H,CO; '
, Au
, CO;
(
CO,), 200000x10 °~300000x10°®,
Au , pH '
: H,CO3=HCO5; +H",
, HoCOs H,S
(
5 W i ’

Au

CO, :

’ COZ

22
(Goldfarb et al., 2016)
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22 (
(Goldfarb et al., 2016)

)

Fig.22 Relationship between orogenic gold dposits and metamorphic, magmatic and meteoric fluids as well as the

shear zone, temperature, and pressure(depth)
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co, 4 :H,0-CO,; COy;
pH , AuH,S
NacCl
, CO,
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Bt b B A IR N MR AL B R BT R R A AR
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Geological Characteristics and Ore Forming Fluids of
Orogenic Gold Deposits

LU Huanzhang®?, CHI Guoxiang®, ZHU Xiaoqing? Guha Jaynta’,
Archambault Guy' and WANG Zhonggang?

(1. University of Quebec at Chicoutimi, Chicoutimi, Qc G7H 2B1, Canada; 2. State Key Laboratory of Ore Deposit
Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, Guizhou, China; 3.
University of Regina, Regina, SK. S4S 0A2, Canada)

Abstract: Orogenic gold deposits are one of the most important resources of gold. It could be classified into three types:
greenstone-hosted quartz-carbonate vein deposits, turbidite hosted gold deposits and BIF hosted gold deposits of all ages.
They are controlled by compressional / transpressional environments and formed within shear zones, anticlines and
faults during the post- and syn-tectonic stages. Fluid inclusions studies on orogenic gold deposits indicate 4 types of
fluid inclusions: H,O-CO,; CO,-rich; aqueous and halite daughter mineral bearing fluid inclusions. The ore forming
fluids are of low salinity (typically less than 10% NaClg,), CO,-rich (about 10%-25% CO,) and deposition occurred
over a temperature range of 200 to 400 ‘C, under lithostatic pressure. Fluid phase separation played an important role in
gold deposition.

Keywords: orogenic gold deposits; greenstone gold deposits; turbidite gold deposit; BIF hosted gold deposits; fluid
inclusions; CO, and gold mineralization



